The crystal structure of nechelyustovite, ideally Na 4 Ba 2 Mn -coordinated (Ti,Nb) polyhedra respectively. There are three peripheral sites, A P (1À3), occupied mainly by Ba (less Sr and K) at 96, 86 and 26% and one peripheral site A P (4) occupied by Na at 50%. There are two I blocks: the I 1 block is a layer of Ba atoms; the I 2 block consists of H 2 O groups and A P (3) atoms. TS blocks alternate with I blocks or link through hydrogen bonds (as in epistolite). There is a sequence of four TS blocks and three I blocks per the c cell parameter: TS 2 À I 1 À TS 1 À I 2 À TS 1 À I 1 À TS 2 .
Introduction NECHELYUSTOVITE was first described by Khomyakov (1995) under the name M73. The author reported a chemical analysis (see Table 1 ), an IR spectrum, D meas. = 3.42 g cm
À3
, a general formula (Na,K) 4 (Ba,Sr,Ca,K) 2 (Mn,Fe)Ti 3 Nb Si 6 O 25 F·n(H 2 O) where n~8 and two variants of a n i d e a l i z e d f o r m u l a : ( 1 ) N a 4 B a 2 M n Ti 3 NbSi 6 O 25 F·8(H 2 O) and (2) Na 3 BaMnTi 2 (Nb,Mn)(Si 2 O 7 ) 2 (O,OH,F)·n(H 2 O) where n~5. Specimen M73 was mentioned as an example of a heterophyllosilicate with bafertisite-type HOH layers (Ferraris et al., 2001 Ferraris and Gula, 2005) , the last authors reporting models of two polytypes of the M73 structure which was from work of Nèmeth (2004) and Nèmeth et al. (2004) . 2 electron microprobe analysis from a single crystal used for structure solution and refinement and two other crystals. 3 A P = A P (4) 4 3A P = A P (1)+ A P (2)+ A P (3) 5 calculated by difference. 6 calculated from structure refinement on the basis of 42 anions: F + OH = 4 a.p.f.u., H 2 O = 6 a.p.f.u.
(2009) commented that (1) the presence of nechelyustovite in the very poor X-ray powder diffraction pattern with broad peaks was <<10%, the rest being major natrolite and minor barytolamprophyllite, and (2) electron microprobe analysis was done on nechelyustovite intergrown with natrolite in the approximate ratio 1:1 and that the H 2 O content was assigned as the difference from 100%. Although Nèmeth et al. (2009) did not provide any numerical description of a structure model for either polytype, they gave d calc. for both polytypes and stated that _''the choice of seven strongest reflections was based on I calc of the P2/m polytype''_. They concluded their paper with statement that _''the crystal structure of nechelyustovite is based on bafertisite-type HOH layers''_, in accord with Ferraris and Gula (2005) , but seemed unaware of the incongruity of their model in light of the work of Sokolova (2006) . Sokolova (2006) considered structural hierarchy and stereochemistry for 24 Ti-disilicate minerals containing the TS (Ti-silicate) block, a trioctahedral central (O) sheet and two adjacent (H) sheets containing different polyhedra including (Si 2 O 7 ) groups. Structures with the TS block have a characteristic two-dimensional minimal cell in the plane of the O sheet, with t 1 & 5.5 and t 2 & 7.1 Å , t 1^t2~9 0º. Sokolova (2006) established the relation between structure topology and chemical composition for those minerals and divided them into four groups, characterized by different topology and stereochemistry of the TS block. The topology and stereochemistry of the TS block is strongly related to the stereochemistry of Ti. In Groups I, II III and IV, Ti equals 1, 2, 3 and 4 a.p.f.u. (atoms per formula unit) respectively. Each group of structures has a different linkage of H and O sheets in the TS block, and a different arrangement of Ti (= Ti + Nb) polyhedra. In a structure, the TS block can alternate with another block, an intermediate (I) block, so called as it is intercalated between two TS blocks. Sokolova (2006) described the general structural principles for TS-block minerals in a quantitative way, and the relation between structure topology and chemical composition was established for those minerals. These principles allow prediction of structural arrangements and possible chemical compositions, and testing whether or not all aspects of the structure and chemical formula of a mineral are correct.
We question the validity of the structure model of nechelyustovite polytypes reported by Ferraris and Gula (2005) (Fig. 1) . In their model, the TS block has linkage 2, as in Group II of Sokolova (2006) where Ti equals 2 a.p.f.u. and (Si 2 O 7 ) groups link to two M O octahedra of the O sheet adjacent along t 2 . Ferraris and Gula (2005) stated that both polytypes show topology of the HOH layer block characteristic for bafertisite. Bafertisite belongs to Group II (Ti = 2 a.p.f.u.) in the terminology of Sokolova (2006) . In nechelyustovite, Ti equals 3 a.p.f.u. Hence, nechelyustovite belongs to Group III and the TS block must exhibit linkage 1 and the stereochemistry of Group III: Ti occurs in both the H and O sheets, and two (Si 2 O 7 ) groups link to trans edges of a Ti octahedron in the O sheet.
This work is a continuation of our interest in Ti-disilicates and it follows revision of the crystal structure and chemical formula of delindeite , determination of the crystal structure of bornemanite , revision of the chemical formula and crystal chemistry of barytolamprophyllite (Sokolova and Cámara, 2008a) , mosandrite from the type locality (Sokolova and Cámara, 2008b) , structure work on an orthorhombic polytype of nabalamprophyllite (Sokolova and Hawthorne, 2008a) , nacareniobsite-(Ce) (Sokolova and Hawthorne, 2008b) , lomonosovite and murmanite (Cá mara et al., 2008) and jinshajiangite (Sokolova et al., 2009) . The sample of nechelyustovite from Mt Kukisvumchorr, the Khibiny alkaline massif, Kola Peninsula, Russia, was kindly provided by Adriana and Renato Pagano, Milan, Italy, from their mineral collection (Collezione Mineralogica, sample #10161). This sample of nechelyustovite came from A.P. Khomyakov, was described in Khomyakov (1995) , and a holotype sample of nechelyustovite deposited at the Fersman Mineralogical Museum is a part of this sample (Khomyakov, pers. comm.) . This paper presents an average crystal structure of nechelyustovite, revision of its chemical formula and discusses its relation to other group-III TS-block minerals.
Experimental details Sample description
Crystal selection was very difficult due to the intimate admixture of nechelyustovite and natrolite. Nechelyustovite crystals are wavy and bent, and they separate into very thin flakes. Most flakes that show optical extinction diffract either as a powder or have sharp round diffraction spots shape on (001) but almost continuous streaks along [001] . Some crystals have discrete diffraction profiles along [001] and can be indexed as nechelyustovite. However, some degree of mosaicity is always present. The single crystal of nechelyustovite that was used in this work is a transparent creamy plate with dimensions 0.120 mm60.055 mm60.015 mm. The crystal is of fair quality. Three other poorer-quality crystals from the same sample were used for electron microprobe analysis (Fig. 2) .
Electron microprobe analysis
Three crystals of nechelyustovite were analysed with a Cameca SX100 electron microprobe operating in wavelength-dispersive mode with an accelerating voltage of 15 kV, a probe current of 20 nA, a final beam diameter of 10 mm and count times on peak and background of 20 and 30 s respectively for major and minor elements (<1 wt.%). The following standards and X-ray lines used for the analysis were as follows: fluorite for F-Ka; albite for Na-Ka; forsterite for Mg-Ka; andalusite for Al-Ka; diopside for Si-Ka procedure of Pouchou and Pichoir (1985) . The chemical composition of nechelyustovite is given in Table 1 and is the mean of 14 determinations; it is in good agreement with the chemical analyses of Khomyakov (1995) and Nèmeth et al. (2009 
Data collection and crystal structure ref|nement
A single crystal of nechelyustovite was mounted on a Bruker AXS SMART APEX diffractometer with a CCD detector and Mo-Ka radiation. The intensities of reflections were collected to 54.29º2y using 30 s per 0.2º frame, and an empirical absorption correction (SADABS, Sheldrick, 1998) was applied. The refined unitcell parameters for the triclinic cell (Table 2) were obtained from 2292 reflections with I > 10s. The crystal structure of nechelyustovite was solved by direct methods with the Bruker SHELXTL Version 5.1 system of programs (Sheldrick, 1997) and refined in space group P1 to R 1 = 19.70% and a GoF = 1.141 and in space group P1 to R 1 = 11.85% and a GoF of 1.122. The refinement of the structure was based on 4414 intensities of unique observed reflections (F o > 4sF) with À6 < h < 6, À 9 < k < 9, À60 < l < 60. Scattering curves for neutral atoms were taken from the International Tables for Crystallography (1992) . Site occupancies for the (Ti,Nb) sites were refined with the scattering curves of Nb; for the O-sheet sites occupied by the alkaline cations, with the scattering curves of Na, Ca and Mn; for the I-block sites, with the scattering curves of Ba, K and Na. In spite of a lower value of R 1 in space group P1 (if compared to space group P1), the P1 CRYSTAL STRUCTURE AND CRYSTAL CHEMISTRY OF NECHELYUSTOVITE structure model was characterized by high correlation coefficients between pairs of variables related by a pseudo centre of symmetry, the assigned site occupancies for half the alkali-cation sites in the O sheet were not supported by corresponding mean bond lengths, and SiÀO bond lengths were either too short or too long. The P1 model did not have these problems. We chose the space group P1 for further refinement. We were aware that the quality of the crystal would allow us to get only an average structure model. For further refinement, we used a set of 1745 unique observed reflections (F o > 15sF) with À6 < h < 6, À 8 < k < 8, À56 < l < 56, 2y 450.05º. Although our crystal was the best that we could find it was not of a good quality. We cut our data so that we have at least 5 strong reflections per a refined parameter. Because of poor experimental data, we provide, later in the text, a detailed discussion proving that, crystalchemically, our model is correct. Site occupancies for the M
and A P (4) sites were refined with the scattering curves of Nb; Ca; Ba and Na, respectively. After refinement of cation-site occupancies, they were adjusted in accord with the chemical analysis and mean bond lengths, and fixed. At the last stages of the refinement, 13 peaks with magnitudes from 3 to 6 Àe were found in the difference-Fourier map, most of these peaks occurring in the vicinity of the Ba-dominant A P (1À3) sites. Therefore occupancies for peaks 1À13 were refined with the scattering curve of Ba (the heaviest scatter in the structure) at the fixed U iso = 0.01 Å 2 . Refined occupancies of these subsidiary sites vary from 2 to 10%. The 13 out of the 32 SiÀO distances were either too short (~1.54 Å ) or too long (~1.73 Å ), a relatively Details of the data collection and structure refinement are given in Table 2 , final atom and subsidiary-atom parameters are given in Table 3 , anisotropic displacement parameters for a group of cations in Table 4 , selected interatomic distances and angles in Table 5 , refined sitescattering values and assigned populations for selected sites in Table 6 , bond-valence values in Table 7 and distances between H 2 O groups in Table 8 . Lists of observed and calculated structure factors have been deposited with the Principal Editor of Mineralogical Magazine and are available from www.minersoc.org/pages/ e_journals/dep_mat_mm.html.
Site-population assignment
Here, we divide the cation sites (Table 3) Sokolova (2006) . Consider first the Ti + Nb-dominant sites. We assign cations to these sites based on our knowledge from previous work on Ti-disilicate minerals: Ti (+Nb)-dominant sites are always fully occupied. .
Consider last the four peripheral A P sites. The cations to be assigned to the A P (1À4) sites are Ba, Sr, K and Na (Table 1 ). The <A P (1À3)ÀO> and <A P (4)ÀO> distances are in the ranges 2.86À2.82 and 2.60 Å respectively. On the basis of their relative radii (Shannon, 1976) , Ba, Sr and K were assigned to the A P (1À3) sites, and Na was assigned to the A P (4) site, and the resulting aggregate site-populations are in accord with the aggregate refined site-scattering values (Table 6 ). At the A P sites, the maximum refined sitescattering values of 43.8 and 40.1 e.p.f.u. are at the A P (1,2) sites (Table 6 ); thus we assign these sites as filled mainly with Ba, less Sr and K. At the A P sites, the minimum refined site-scattering value of 12.5 e.p.f.u is at the A P (3) site (Table 6 ); thus we assign to this site a vacancy as the dominant species with lesser Ba and minor Sr and K. The refined site-scattering value at the A P (4) site indicates partial occupancy by Na, and 0.5 Na + 0.5 & were assigned on this basis (Table 6 ). This type of partial occupancy of the [8]-coordinated A P (4) site by Na has been reported for epistolite (Sokolova and Hawthorne, 2004 Si(1)ÀO (1) 1.58 (1) Si (2)ÀO (5) 1.60 (1) Si (3)ÀO (8) 1.58 (1) Si (4)ÀO (12) 1.58 (1) Si (1)ÀO (3) 1.58 (1) Si(2)ÀO (7) 1.61 (1) Si (3)ÀO (11)a 1.60 (5) Si (4)ÀO (13)b 1.64 (6) Si (1)ÀO (2) 1.63 (5) Si (2)ÀO (6) 1.61 (1) Si (3)ÀO (10) 1.63 (6) Si (4)ÀO (14) 1.69 (7) Si (1)ÀO (4) 1.67 (1) Si(2)ÀO(4)a
1.73(4)
Si (3)ÀO (9)b 1.59 (1) Si (4)ÀO (11) 1.70 (1) <Si (1) Si (6)ÀO (21) 1.59 (6) Si (7)ÀO (24) 1.60 (1) Si (8)ÀO (26) 1.58 (1) Si (5)ÀO (17) 1.62 (7) Si(6)ÀO(20)c
1.62(5)
Si (7)ÀO (23) 1.60 (1) Si (8)ÀO (27)d 1.62 (7) Si (5)ÀO (15) 1.63 (7) Si(6)ÀO (19) 1.64 (5) Si (7)ÀO (25) 1.63 (1) Si (8)ÀO (25) 1.65 (3) Si (5)ÀO (18) 1.68 (5) Si (6)ÀO (18) 1.66 (5) Si (7)ÀO (22)b 1.64 (5) Si (8)ÀO (28) (4) 138 (4) Si (5)ÀO (18)ÀSi (6) 130 (4) Si (7) (1)ÀO (7) a: x, yÀ1, z; b: x+1, y, z; c: xÀ1, y, z; d: x+1, yÀ1, z; e: x, y+1, z; f: x+1, y+1, z; g: xÀ1, y+1, z; h: (Sokolova, 2006, (Table 5) . Partial occupancy of a similar A P (3) site was observed in the c r y s t a l s t r u c t u r e o f e p i s t o l i t e : Na 0.43 & 0.41 Ca 0.13 Mn 0.02 , <A P (3)Àj> = 2.57 Å (Sokolova and Hawthorne, 2004) . To summarize, the four peripheral sites ideally give: (1) A P (1) and A P (2) sites, Ba 2 a.p.f.u.; (2) A P (3), &; (3) A P (4), Na 0.5 & 0.5 a.p.f.u. = Na 0.5 Ba 2 & 1.5 . We write the cation part of the formula as the sum of (1) Si (1) Si (2) Si (3) Si (4) Si (5) Si (6) Si (7) Si (8) (Table 5) , it receives bond valence of 0.14 v.u. (Table 7) and it is an H 2 O group. The X P A (2) and X P A (3) anions coordinate the A P (3) site which is occupied by Ba, Sr and K~at 25% (Tables 5, 6 ). They receive bond valence of 0.07 and 0.09 v.u. (Table 7) and are H 2 O groups; they give (H 2 O) 0.5 p.f.u. There are three H 2 O groups, W(1)ÀW(3) (Table 3) , that are not bonded to any cation. The W(1) and W(2) sites are fully occupied and give (H 2 O) 2 p.f.u. There is a short W(3)ÀW(3) distance of 1.89 Å and the W(3) site is half occupied by H 2 O, giving (H 2 O) 0.5 p.f.u.
To conclude, we write the anion part of the structure as the sum of the anion sites: O 28 (O atoms of Si 4 tetrahedra)
We consider an (Si 2 O 7 ) group as a complex oxyanion and write the anion part of the nechelyustovite structure as (Si 2 O 7 ) 4 O 4 (OH) 3 F (H 2 O) 6 with a total charge of À36.
Based on the SREF results and bond-valence calculations, we write the ideal formula of nechelyustovite as the sum of cation and anion p a r t s : N a 4 B a 2 M n 1 . 5 T i 5 N b ( S i 2 O 7 ) 4 O 4 (OH) 3 F(H 2 O), space group P1, Z = 2. The validity of the ideal formula is supported by good agreement between the charges for specific groups of cations in the ideal and empirical formulae: +11 for Na 4 Ba 2 Mn 1.5 vs. +11.19 for (Na 4.21 Mn 
Structure topology The TS block
In the Ti-disilicate minerals (Sokolova, 2006) , the TS block consists of HOH sheets where H is a heteropolyhedral sheet including (Si 2 O 7 ) groups, and O is a trioctahedral close-packed sheet. In nechelyustovite, there are two distinct TS blocks. The TS 1 and TS 2 blocks consist of H 1 O 1 H 2 and H 1 O 1 H 2 sheets respectively (Fig. 3) . The O 1 sheet comprises M O (1,3,5,6) octahedra (Fig. 3a) and its cation content is [(Na 1.66 Table 1 ); X P M (1,2) and X (Fig. 3c,d ) as in other Ti-disilicate minerals. In the H 2 and H 4 sheets, (Si 2 O 7 ) groups share common vertices with Nb-dominant M H (2) and M H (1) octahedra (Fig. 3e,f) . The topology of the four H sheets is identical except for the coordination of the M H sites. In the H 1,3 and H 2 sheets, the peripheral A (Figs. 3g,h ). In nechelyustovite, the TS block exhibits linkage 1 and stereochemistry typical for Group III (Sokolova, 2006) : two H sheets connect to the O sheet such that two (Si 2 O 7 ) groups link to the trans edges of the Ti octahedron of the O sheet (cf. Fig. 1 ). In this case, the H 1 and H 2 (H 3 sheets are related by a pseudo-mirror plane (m) coinciding with the plane of the O sheet.
The I blocks
In nechelyustovite, the TS blocks do not link directly through the apical vertices of the M H polyhedra; they alternate with intermediate (I) blocks, I 1 and I 2 . An I block is always intercalated between two TS blocks and cations of the I block form close-packed I layers parallel to the TS block where m = number of those layers (Sokolova, 2006) . A layer of A P (1) and A P (2) atoms forms the I 1 block between adjacent TS 1 and TS 2 blocks (Fig. 4a) . In the I 1 block, A P (1,2) atoms are arranged in a close-packed fashion where each atom is surrounded by six others at approximately equal distances of 5 Å . The composition of the I 1 block is A P 2 or ideally Ba 2 . The I 2 block is composed mainly of H 2 O groups and two I layers (m = 2) of cations occupied at 25% (Fig. 4b) . The I 2 block occurs between adjacent TS 1 blocks. The two I layers of A P (3) atoms are parallel to (001) and are related by an inversion centre. Therefore the topology and chemical composition of these two I layers of A P (3) polyhedra are identical. There are two types of H 2 O groups in the I 2 block, one bonded and the other not bonded to cations. Three H 2 O groups are ligands of M H (2) and A P (3) cations; they occur at the X P M (2), X P A (2) and X P A (3) sites occupied at 100, 25 and 25% respectively and belong to the TS 1 block (Fig. 4b) . Three H 2 O groups, labeled W(1À3) ( Table 3 , Fig. 4b Table 3 ). (Fig. 4c) . Two TS 2 blocks connect via hydrogen bonding between H 2 O groups [at X P M (1) and X P A (1) sites] which link to M H (1) and A P (4) cations as in epistolite (Sokolova and Hawthorne, 2004) and murmanite (Cámara et al., 2008 ) (see discussion below).
Hydrogen bonding
Because of extensive cation and anion disorder in the crystal structure of nechelyustovite, we experienced difficulties locating the O atoms of H 2 O groups in the I 2 block and we do not feel that it is appropriate to discuss details of hydrogen bonding. However, to show that H 2 O groups in the I 2 block occur at distances suitable for possible hydrogen bonding, we report OÀO distances less than 3.2 Å between O atoms of H 2 O groups for the I 2 block (Table 8) . Inspection of Table 8 gives OÀO distances from 2.42 to 3.04 Å (Fig. 4b) . (Fig. 4c) . They are suitable for hydrogen bonding.
The general structure
The crystal structure of nechelyustovite (Fig. 5a ) consists of TS and I blocks alternating along c. There are four TS blocks and three I blocks, 2 I 1 and I 2 , per c cell-parameter. They occur in the following sequence: TS 2 À I 1 À TS 1 À I 2 À TS 1 À I 1 À TS 2 . Furthermore, adjacent TS 2 blocks connect through hydrogen bonding between H 2 O groups (Figs 4c, 5a) . Nechelyustovite is the second Ti-disilicate mineral [after bornemanite ] with two different types of I block. Note that the I 2 block has an inversion centre whereas the I 1 block does not. There are two distinct TS blocks, TS 1 and TS 2 , n o t r e l a t e d b y a n i n v e r s i o n c e n t r e . Nechelyustovite is the only Ti-disilicate mineral so far known with two different types of linkage of TS blocks: (1) through the I 1 and I 2 blocks with layers of cations (although not a major constituent but interstitial cations are still present in the I 2 block), and (2) where Ti equals 3 a.p.f.u., and this is the key to understanding the relation between nechelyustovite and other Ti-disilicate minerals.
The structural and ideal formulae of nechelyustovite Above, we wrote the ideal formulae of nechelyustovite based on the occupancies of the cation and anion sites. Here, we write the ideal structural formula of nechelyustovite in accord with Sokolova (2006) In nechelyustovite, A There are two I blocks in nechelyustovite: the I 1 block comprises the A P (1,2) atoms, which have been already counted in the formula of TS block; the I 2 block includes A P (3) atoms and (H 2 O) groups and we write its composition as (H 2 O) 2.5 p.f.u. (Table 9) .
We sum the TS and I 2 blocks (the I 1 block consists of the A P (1,2) atoms and they have been already included in the formula of the TS block) to write the ideal structural and mineral formula for nechelyustovite: (Na 0. 
Related minerals
There are four types of crystal structure based on self-linkage of TS blocks (Sokolova, 2006) : (1) TS blocks link directly and they share common edges of M H and A P polyhedra and common vertices of M H , A P and Si polyhedra of H sheets belonging to two TS blocks.
(2) TS blocks link through common vertices of Ti octahedra, and the I block has one layer of cations (m = 1).
(3) TS blocks do not link directly, additional cations do not occur in the I space (m = 0), and TS blocks are connected through hydrogen bonds of (H 2 O) groups at the X P sites. (4) TS blocks do not link directly, and there are additional layers of cations, the I block, between adjacent TS blocks (m = 1À6).
There are seven other minerals in Group III: lamprophyllite, nabalamprophyllite, barytolamprophyllite, innelite, epistolite, vuonnemite and bornemanite, and they are listed in Table 10 . Except for innelite, these minerals contain an invariant core of the TS block, M Nechelyustovite is the only Ti-silicate so far known where two types of self-linkage of TS blocks occur and these types of self-linkage are characteristic for Group III. In the crystal structure of nechelyustovite, two TS 2 blocks are connected through hydrogen bonds of (H 2 O) groups at the X P sites (Figs 4c, 5a) as in epistolite (Sokolova and Hawthorne, 2004) (Fig. 5b) . The chemical compositions of both M H and A P sites are identical in nechelyustovite and epistolite, a Nb-dominant [6] M H site and an [8] A P site halfoccupied by Na.
There are two types of I block in nechelyustovite. The I 1 block is of composition A P (1+2) = (Ba 1.12 Sr 0.44 K 0.26 & 0.18 ) a.p.f.u. and is topologically and chemically similar to the I block (BaK) in barytolamprophyllite (Fig. 5c) . Note that the aggregate charge of the I 1 block is +3.38, i.e. less than +4.00 for the ideal composition Ba 2 but in good agreement with the charge of +3.00 in barytolamprophyllite.
T 5 . This is the first occurrence of an I block of this specific topology and chemistry (Figs 4b, 5a ) in Ti-disilicate minerals and it does not currently have any structural analogues.
In the nechelyustovite structure, the inversion centre occurs within the I 2 blocks and between two TS 2 blocks (as in epistolite) (Fig. 5a ).
Conclusions
(1) In this work, we report the average crystal structure of nechelyustovite, ideally Na 4 Ba 2 Mn 1.5 & 2.5 Ti 5 Nb(Si 2 O 7 ) 4 O 4 (OH) 3 F(H 2 O) 6 , a 5.447(1) Å , b 7.157(1) Å , c 47.259(9) Å , a 95.759(4)º, b 92.136(4)º, g 89.978(4)º, V 1831.7(4) Å 3 , space group P1, Z = 2, D calc. 3.041 g cm À3 .
(2) The structure of nechelyustovite is in accord with the general principles developed by Sokolova (2006) . In nechelyustovite, the TS block exhibits linkage 1 and a stereochemistry typical for group-III TS-block minerals: two H sheets connect to the O sheet such that two (Si 2 O 7 ) groups link to the trans edges of a Ti octahedron of the O sheet. The average crystal structure of nechelyustovite does not support the structure models reported by Ferraris and Gula (2005 (5) TS and I blocks alternate along c in the crystal structure of nechelyustovite constituting a sequence of four TS blocks and three I blocks per the c cell-parameter: TS 2 À I 1 À TS 1 À I 2 À TS 1 À I 1 À TS 2 . TABLE 10. Structural formulae* and unit-cell parameters for Group III minerals with the TS block.
----Formula ----
